A graph G (V, E) is said to be a sum graph if there exists a bijective labeling from the vertex set V to a set S of positive integers such that (x y) ∈ E if and only if f(x) + f(y) ∈ S. In this paper, for a given graph G (V, E), the edge function, the edge product function and the edge product graph are introduced and studied. The edge product number of a graph is defined and the edge product numbers of paths is found.
Introduction
Harary F introduced the notation of sum graph [6, 7] . He defined sum number of a graph as a minimum number of isolated vertices that must be added to G so that the resulting graph is a sum graph. He also conjectured that every tree T with ζ(T) = 0 is a caterpillar in [6] . Chen Z conjectured that all trees are ∫ ∑ -graphs [2, 3] . For more on sum graphs and exclusive sum number can be found in [1, 5] . Ellingnham proved that the sum number of a tree is one [4] . The sum number of a complete graph Kn with n 4 vertices gives as S(K) = (2n -3) in [9] . The sum number of paths is found in [6] . For a detailed account on variations of sum graphs one can refer to Gallian [8] . We want to introduce the edge as well as the product analogue of sum graph. This paper gives an idea about edge product graphs and the edge analogue of product graphs. We also characterize the edge product number of connected graphs. A graph is said to be an edge product graph if the edges of G can be labeled with distinct positive integers such that the product of all the labels of the edges incident on a vertex is again an edge label of G and if the product of any collection of edges is a label of an edge in G, then they are incident on a vertex. In this paper, for a given graph G, the edge product number of graphs is defined and investigate the edge product numbers of paths.
Edge Product Graph
Definition 2.1: Let G be a given graph. A bijection f: E P where P is a set of positive integers is called an edge function of G. Define F(v) = {f(e): e is incident on v} on V. Then the function F is called the edge product function of the edge function f. The graph G is said to be an edge product graph if there exists an edge function f: E P such that the function f and its corresponding edge product function F on V satisfies that F(v) ∈ P for every v ∈ V and if e1, e2, …,ep ∈ E such that f(e1) f(e2) … f(ep) ∈ P, then the edges e1, e2, …,ep are incident on a vertex.
Example 2.2:
Let V = {v1, v2, v3, v4, v5, v6, v7, v8} be the vertex set and E = {v1v2, v2v3, v3v4, v2v5, v3v6, v7v8} be the edge set of G. The edge function f: E P is defined by f(v1v2) = 2 6 , f(v2v3) = 2 3 , f(v3v4) = 2 4 , f(v2v5) = 2 5 , f(v3v6) = 2 7 and f(v7v8) = 2 14 . The corresponding edge product function F is given by F is given by F(v1) = 2 6 , F(v2) = 2 14 , F(v3) = 2 14 , F(v4) = 2 4 , F(v5) = 2 5 , F(v6) = 2 7 , F(v7) = 2 14 and F(v8) = 2 14 . Clearly G is an edge product graph.
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Note 2.3:
If G is an edge product graph then K2 is a component of G.
Edge Product Number of a Graph
Edge product number of a graph is a minimum number r of K2 components that must be added to G so that the resulting graph is the edge product graph. Thus the graph G∪rK2 is an edge product graph for minimum r then the number r is called the edge product number of G and is denoted by EPN(G). For any connected graph G other than K2, EPN(G) 1. Let EPN(G) = r. An edge function f: E P and its corresponding edge product function F which make G∪rK2 an edge product graph are respectively called an optimal edge function and an optimal edge product function of G. Let E = E1∪E2 where E1 is the edge set of G and E2 that of rK2. Then, EPN(G) = Cardinality of the set {F(v):
then F is said to be outer edge product function and if F(V)∩f(E1) , then F is said to be an inner edge product function. The range of F has atleast r elements. It has exactly r elements if and only if F is outer edge product function. Proof: Assume that EPN(Pq) = 1 for some q = 5 then (P5∪K2) is an edge product graph. Let V = {v1, v2, v3, v4, v5, v6, w1, w2} and E = {viv(i + 1): 1 i 5}∪{w1w2} be the vertex set and edge set of G respectively. The elements of the set P = {a1, a2, a3, a4, a5, b}. The mapping f: E P is an optimal edge function and F is the optimal edge product function of f.
Edge Product Number of Paths
Let the optimal edge function f is defined by f(viv(i + 1)) = ai for 1 i 5 and f(w1w2) = b.
Then the optimal edge product function F is defined by The corresponding edge product function F is defined by
F(w1) = F(w2) = f(w1w2) = 2 A + 2p and F(w3) = F(w4) = f(w3w4) = 2 A + 2p + 1
Therefore the four elements of F are the elements of P, namely 2 A , 2 A + p , 2 A + 2p and 2 A + 2p + 1 .
Hence the function F is into P. 
The corresponding edge product function F of f is defined by Therefore, F has only four elements which are the elements of P, namely 2 B+p , 2 2p -1 , 2 B + 2p -1 and 2 B + 2p . Hence F is into P. For q = 2p, (Pq∪2K2) is an edge product graph for every p 4.
Thus EPN(P2p) = 2 for some p 4. The following figure shows that (P8∪2K2) is an edge product graph and EPN(P8) = 2. 
